Objective: To report postnatal iron nutritional status of Hong Kong Chinese women during the ®rst 6 months postpartum. Design and subjects: A longtitudinal study examining postnatal calcium and iron status of Hong Kong Chinese breastfeeding and formula-feeding women was conducted during 1998. Postpartum women aged 20 ± 40 y, with no bone or blood disorders were recruited and interviewed at 0 (baseline), 2, 6 weeks, 3 and 6 months postpartum. Dietary intake was assessed by a 3 day dietary record and cross checked by a 24 h recall. Complete blood count and serum ferritin level were measured to assess anaemia and iron status. In this report, subjects were divided into an anaemic group (haemoglobin level`10 gadl) and a non-anaemic group (haemoglobin level ! 10 gadl) according to baseline haemoglobin levels. Results: At baseline, 13a47 (27.7%) subjects were anaemic. Two of these 13 anaemic subjects were still anaemic at 3 and 6 months postpartum. Anaemic subjects showed signi®cantly (P`0.01) greater amounts of blood loss and a higher rate of primary postpartum haemorrhage than the non-anaemic subjects. Daily food intake and dietary nutrient intake did not differ signi®cantly between the two groups. During the ®rst 6 weeks postpartum, subjects in both groups consumed more poultry and egg, and comparable amounts of meat, compared with women in the Hong Kong general population. Iron and vitamin C intakes for the majority of subjects reached 60% of the US Recommended Daily Allowances. Regression analysis suggested that the rate of change in haemoglobin level in the ®rst 6 weeks postpartum was positively correlated with baseline MCV level and serum ferritin level, but negatively correlated with baseline haemoglobin level. Conclusions: Blood loss at delivery is an important factor for postpartum anaemia. Postnatal recovery of iron status of this group of women appeared to be more related to physiological factors than to dietary factors. The role of diet as well as other physiological changes in postpartum women requires further investigation. Finding ways to minimise blood loss at delivery could be the most practical strategy to reduce the rate of postpartum anaemia.
Introduction
Iron is the most abundant trace element in humans. Total body iron averages about 3.8 g in men and 2.3 g in women.
In addition to serving as a component of haemoglobin (Hb), myoglobin and many enzymes, iron is stored in the reticulo-endothelial system as ferritin and haemosiderin (Great Britain. Panel on Dietary Reference Values of the Committee on Medical Aspects of Food Policy, 1991). Iron de®ciency ultimately results in defective erythropoiesis leading to a normocytic or microcytic hypochromic anaemia (Anonymous, 1985) . However, functional consequences of iron de®ciency may occur in the absence of anaemia. These include impaired work performance (Cook et al, 1994; Lozoff et al, 1998) , behaviour and intellectual performance (Moffatt et al, 1994) . In addition, impaired thermoregulatory mechanisms (Beard et al, 1984) and an increased risk of infection (Dallman, 1987) have been documented in iron de®ciency status. Iron de®ciency has also been found to be associated with adverse pregnancy outcomes (Yip & Dallman, 1996) .
Pregnant women and women of childbearing age are at a high risk of iron de®ciency. Permanent iron losses during pregnancy are up to 840 mg (Viteri, 1997) . Measured blood loss during normal delivery is signi®cantly greater than the estimated blood loss, indicating that the visual estimation of blood loss is inaccurate (Duthie et al, 1990) . Although iron loss in breast milk during lactation is relatively small and menstruation rarely occurs during the ®rst few months of lactation (Institute of Medicine (US), 1990), the total iron cost of pregnancy and menstruation is signi®cant.
Iron absorption is a highly regulated process, in which absorption increases as iron stores become depleted and vice versa (Cook, 1990; Herbert, 1987) . Unlike haem iron, non-haem iron absorption is easily affected by dietary components. Several dietary factors have been found to affect the non-haem iron absorption. The presence of meat and organic acids promotes absorption, whereas polyphenols, phytate, dietary ®bre complex, calcium, phosphorus and dietary protein inhibit non-haem iron absorption (Bothwell et al, 1989) .
In traditional Chinese culture, women are believed to bè very weak' after delivery and a special diet during the ®rst month after delivery is recommended. Extra meat, chicken and eggs are amongst the main dietary items included in this diet. As these food items contain comparably high amounts of iron, it can be speculated that this dietary practice may help restore the iron stores of postpartum women. In addition, a special dish composed of ginger, pig's trotter, eggs and sweet vinegar is also recommended (Chan et al, 2000) . Other soups and drinks, such as a date tea prepared from soaking dates in boiled water, and a chicken wine prepared from cooking chicken with glutinous rice wine are also consumed. Special Chinese tonics composed of herbs and Chinese medicine are recommended to help restore the health status of women after delivery.
This paper reports the iron status of a sample of Hong Kong Chinese women during the ®rst 6 months postpartum, and assesses the possible effect of these traditional Chinese dietary practices on iron status.
Subjects and methods

Subjects
Results of this report are part of a longitudinal study examining both the calcium and iron nutritional status of Hong Kong Chinese postpartum women. Subjects were recruited in the postnatal wards of the Obstetrics and Gynaecology Department, Prince of Wales Hospital between February and December 1998. Interviews were undertaken at 0 week ( 7 days postpartum), 2 AE 1 weeks, 6 AE 1 weeks, 3 AE 0.5 and 6 AE 0.5 months postpartum. The 2 week interview was undertaken at home and other interviews were performed at the hospital.
Basic personal and medical information were ®rst checked. Women who were Hong Kong Chinese citizens aged between 20 and 40 y, and who had delivered a fullterm (gestational age ! 37 weeks) healthy singleton infant were eligible for inclusion in the study. Exclusion criteria included a history of smoking, drinking, metabolic bone disease, osteoarithritis, haematological disorder, oestrogen or other steroid hormone medications, treatment with heparin, thyroxine, thiazide or anticonvulsants, or an antenatal haemoglobin level of`11 gadl at the ®rst or second antenatal checkup. Since one main aim of the study was to compare the calcium and iron status between formula-feeding mothers and breastfeeding mothers (lactation for ! 3 months) in Hong Kong, postpartum women who ful®lled the above criteria were approached by the research staff to ask about the intended infant feeding practice. Mothers who intended to breastfeed were further asked about the intended duration of breastfeeding and only those mothers intending to exclusively breastfeed for ! 3 months were included. De®nition of breastfeeding was based on Labbok's de®nition (Labbok & Krasovec, 1990) . The purpose and nature of the study was explained to the mothers and informed written consent obtained from those agreeing to participate. The study protocol was approved by the Ethics Committee of The Faculty of Medicine, The Chinese University of Hong Kong. Primary postpartum haemorrhage was de®ned as blood loss ! 500 ml at delivery (Hayashi, 1998) . The amount of blood loss is routinely recorded after all deliveries. After vaginal deliveries, all blood, including blood clots and placenta, is collected in a standard kidney dish. After examination of the placenta, the volume of the remaining blood and clots in the kidney dish is estimated and recorded by the midwife or doctor. The number of blood-soaked gauze swabs are also included in the estimation. The attending anaesthetist will estimate blood loss during caesarean sections by viewing all blood and clots collected in a standard kidney dish together with blood-soaked gauze swabs or pads. Anthropometric data, dietary intake and biochemical indices of iron status were measured and the date of resumption of the ®rst postpartum mense was noted.
Dietary data and nutrient analysis
Dietary data were assessed by trained researchers at all interviews, using a 3-day dietary record cross-checked by a 24 h recall. Bowls, cups and spoons were displayed to help recall. A food photo album containing pictures of commonly consumed foods was also shown to subjects (Leung et al, 1997) . Nutrient intakes were estimated using a computerised food table with food items compiled from Britain (McCance et al, 1978) , China (Institute of Health, 1980) , Taiwan (Tung et al, 1961) , and US (Church & Church, 1975; US Department of Health, 1972) . Chemical analyses of some local Chinese foods from the government chemist, and product information from food manufacturers are also included. In addition, chemical analysis of the calcium and iron contents of`ginger vinegar soup', a specially prepared soup recommended for Chinese women in the early postpartum, was carried out and results included (Chan et al, 2000) .
Biochemical measurement of iron status
Ten millilitres of venous blood were drawn at the 0 week, 6 week and 3 and 6 month interviews. Serum and plasma samples were aliquoted after centrifugation and stored at À80 C until analysis. EDTA specimens were sent immediately to the Departments of Haematology and Chemical Pathology of the Prince of Wales Hospital for complete blood count (CBC) measurement, which includes haemoglobin (Hb), mean cell volume (MCV), mean cell haemoglobin concentration (MCHC) and mean cell haemoglobin (MCH). Blood samples for CBC measurement at 0 weeks postpartum were collected at least 1 day after delivery to minimise the postnatal haemodilution effect. Serum ferritin at 0 week and 6 weeks postpartum were checked in duplicate by an immunoassay method (Catalogue no.: L1.4023 M SEROZYME-M Ferritin Assay kit, IFCI Clonesystems, Spain).
At 0 week postpartum, anaemia was de®ned as a Hb level below 10 gadl due to the effect of haemodilution (Taylor, 1981) . This de®nition was also used in a previous Hong Kong study (Lao et al, 1996) . At 6 weeks, 3 months and 6 months postpartum, anaemia was de®ned as an Hb level below 12 gadl, this being the cut-off value used for non-pregnant and non-lactating females aged ! 12 y (Institute of Medicine (US), 1993). Hb and serum ferritin levels were used as biochemical indices for the diagnosis of iron de®ciency as shown in Table 3 (Cook & Skikne, 1989) .
Statistical analysis
Data were analysed by SPSS Version 8.0 for Windows (SPSS Inc. Chicago, IL, USA). Longitudinal data were plotted extensively as a guide for data analysis and distribution of all variables was checked. Since a proportion of subjects failed to attend the 6 week interview, not all subjects were included in the data analysis. Only those who had complete data sets at both 0 week and 6 weeks postpartum were included and their data at 3 months and 6 months postpartum were also presented. Subjects were divided into an anaemic group (Hb`10 gadl) and a nonanaemic group (Hb ! 10 gadl) for data analysis based on the Hb level measured at 0 week.
Independent Student t-test and Fischer's exact test were used to compare demographic data and biochemical indices between the two groups, whereas the Mann ± Whitney Utest was used to compare dietary intakes. Longitudinal regression models using stepwise regression analysis were performed. Plots of the postpartum changes in Hb suggested that the Hb level increased gradually from baseline to 6 weeks postpartum and remained fairly constant afterwards. Therefore, the rate of change in Hb level from baseline to 6 weeks postpartum was chosen as the dependent variable. It is also during this 6 week time period that traditional special dietary practices are followed. Potential descriptive variables and dietary variables were entered into the model for regression analysis. The statistically signi®cant level was set at P`0.05.
Results
Descriptive data of subjects
Sixty-three subjects were recruited in the study. Fortyseven (74.5%) subjects (13 anaemic, 34 non-anaemic) had complete data at both 0 week and 6 weeks postpartum. Eleven anaemic subjects and 29 non-anaemic subjects completed the 6 month interview. Two subjects were pregnant again before the 6 month interview and were excluded. No signi®cant differences in demographic data were detected between those excluded and those who remained in the study. Demographic data for the anaemic group and the nonanaemic group are summarised in Table 1 . Maternal age, gestational age, time of return of ®rst postpartum mense, number of pregnancies, parity, placental weight, antenatal haemoglobin level and anthropometric data were similar between the two groups. The anaemic group showed a signi®cantly (P`0.001) greater amount of estimated blood loss at delivery, 400 (s.d. 170) ml vs 196 (s.d. 73) ml, and a higher rate of primary postpartum haemorrhage, 6 (46%) vs 0 (P`0.001). The majority of subjects in both groups had normal deliveries or instrumental vaginal deliveries (Table  1) . The distribution of different infant feeding practices was also similar and no subject received a blood transfusion.
Rate of anaemia at different postpartum periods
At baseline 13a47 (27.7%) subjects had Hb`10 gadl. At the same time period 57.7% of mothers had a Hb level of 11 gadl and 74.5%`12 gadl. Seven of 47 (14.9%) subjects showed a Hb`12 gadl at 6 weeks, 2a40 (5%) at 3 months and 2a34 (6.3%) at 6 months postpartum ( Figure 1 ). Two subjects, who were anaemic at baseline, were still anaemic (Hb 12 gadl) at 3 months and 6 months postpartum.
Changes of CBC parameters at different postpartum periods
he postpartum changes of Hb and MCV levels in the anaemic and the non-anaemic groups are summarised in Table 2 . The anaemic group showed consistently lower Hb levels as compared to the non-anaemic group throughout the study and differences were signi®cant during the ®rst 3 months postpartum. No signi®cant differences in the MCV level were observed between the anaemic group and the non-anaemic group and a similar trend of MCV change was found in both groups. However, the anaemic group showed a lower MCV level than the non-anaemic group throughout the study. Percentage of iron de®ciency and iron de®ciency anaemia at baseline and six weeks postpartum
The iron status of subjects is summarised in Table 3 . At baseline, seven subjects were found to have iron de®ciency anaemia. An elevated iron store, due to acute blood loss, infection or in¯ammation, was found in ®ve anaemic subjects. About one-third of the non-anaemic subjects had depleted iron stores. At 6 weeks postpartum, the iron status of most of the subjects in both groups had returned to normal (normal haemoglobin and serum ferritin levels).
Within the anaemic group, most subjects showed improved iron status. However, 3a13 subjects still showed iron de®ciency anaemia at 6 weeks postpartum. For the nonanaemic group, some subjects who had depleted iron stores at baseline had returned to normal iron status (ie Hb level ! 12 gadl and serum ferritin level ! 12 mgal) by 6 weeks. However three of these subjects, who were not anaemic at baseline, had iron de®ciency anaemia at 6 weeks postpartum.
Food intake at different postpartum periods
Daily consumption of different food groups by the anaemic group and the non-anaemic group are summarised in Table  4 . Subjects in both groups showed similar daily consumption of poultry, egg, meat, ®sh, seafood and vegetables over the whole study. In the early postpartum period, subjects consumed two to threefold higher amounts of poultry and eggs than the Hong Kong general population. The amount then decreased gradually to a level similar to that of the Hong Kong general population after 6 weeks postpartum. A consistent amount of meat (nearly 100 gaday) was consumed by the subjects throughout the study and this level was comparable to that of the Hong Kong general population. (Woo et al, 1999) . In contrast, the subjects consumed less ®sh and seafood during the early postpartum period. At baseline, mean daily ®sh and seafood intake was 29.2 and 9.6 gaday, respectively, for the anaemic and non-anaemic groups. The amount then increased and remained at about 90 gaday in both groups from 6 weeks to 6 months postpartum, which was comparable to that of the Hong Kong general population (93 gaday; details not shown). No signi®cant differences in vegetables, legumes and fruit consumption were observed between the non-anaemic and anaemic groups. Mean consumption decreased from 425 to 236 gaday for the anaemic group and 352 to 280 gaday for the non-anaemic group from baseline to 6 months postpartum. This amount was low as compared to that of the Hong Kong general population (530 gaday; details not shown).
Nutrient intake at different postpartum periods
Daily iron and vitamin C intakes of subjects at different postpartum periods are summarised in Table 5 . Dietary supplements were not common in our subjects. At baseline, both groups of subjects showed a daily iron intake of about 15 mg. This level increased gradually in the ®rst 6 months postpartum. Compared with Hong Kong females of similar age, our subjects showed a comparable to higher daily iron intake over the whole study. Iron intake in the majority of subjects reached at least 60% ( ! 9 mgaday) of the US Recommended Daily Allowance (RDA).
Although the mean vitamin C intake decreased from around 122 to 90 mgaday in the anaemic group and increased from about 120 to 170 mgaday in the nonanaemic group, no signi®cant differences were observed between the two groups. Generally, both groups had a lower vitamin C intake as compared with that of Hong Kong females. However, more than two-thirds of subjects in both groups reached ! 60% of the recommended daily vitamin C intake. (National Research Council, 1989) . US RDA for women aged 25 ± 50 y was used to compare with data from bottle-feeding subjects, 60% of RDA for iron and vitamin C are 9 and 36 mg, respectively. US RDA for lactating women of ®rst 6 months lactation was used to compare with data of all lactating (`3 months or ! 3 months) subjects; 60% of RDA for iron and vitamin C are 9 and 57 mg, respectively. Determinants of the rate of change in Hb level from baseline to 6 weeks postpartum
Results of stepwise regression indicated that baseline MCV level and serum ferritin level were positively correlated whereas baseline MCV level was negatively correlated with the rate of change in Hb level in the ®rst 6 weeks postpartum. These three variables explained about 65% of the variability in the rate of Hb change during this period.
Other descriptive and dietary variables including dietary intake of different nutrients and the consumption of the traditional special dietary practices did not explain the change in Hb in this period (Table 6 ).
Discussion
Data on postnatal iron nutritional status are limited in the literature. Most published studies on this topic were conducted some time ago and focused on either biochemical changes or dietary changes postpartum (Mbofung & Atinmo, 1985; Murray et al, 1978; Powers et al, 1985) . Few studies have investigated determinants of anaemia such as dietary factors during the postpartum period. The present study provides both biochemical and dietary data of the postpartum iron nutritional status of Hong Kong Chinese women, a population in whom nutritional deprivation is uncommon. There was limited information on appropriate cut-off values to de®ne anaemia postpartum. In contrast, cut-off values of haemoglobin level to de®ne anaemia are well established for pregnant, non-pregnant and non-lactating women. For pregnant women, haemoglobin cut-off levels to de®ne anaemia in the ®rst, second and third trimesters are 11, 10.5 and 11 gadl, respectively (Institute of Medicine (US), 1993; National Research Council, 1989) . For nonpregnant and non-lactating women, a haemoglobin cut-off of 12 gadl is used to de®ne anaemia (Cook & Skikne, 1989; Institute of Medicine (US), 1993) . Previous studies have used Hb cut-off values of either 10 gadl (Lao et al, 1996) , 11 gadl (Singh et al, 1998) or 12 gadl (Kuvibidila et al, 1994) . Although it has been suggested that the haemodilution effect of pregnancy is still apparent at 6 ± 8 weeks postpartum (Taylor & Lind, 1979) , our ®ndings showed that the mean Hb level of subjects had increased to ! 12 gadl by 6 weeks postpartum and remained fairly constant until 6 months postpartum. A Hb cut-off of 12 gadl was chosen to de®ne anaemia at 6 weeks, 3 and 6 months postpartum, whereas a Hb cut-off of 10 gadl was used at baseline. Using this cut-off, 27.7% of our subjects were anaemic at baseline. This rate is high as compared with that (12%) reported in another Hong Kong study using the same de®nition of anaemia (Lao et al, 1996) . Differences in the study design may explain this discrepancy. In Lao's study, maternal haemoglobin level and other biochemical markers of iron status were measured throughout pregnancy and during the postpartum period. All subjects included in the ®nal analysis had no blood disorders and were non-anaemic (Hb ! 10 gadl) at or after 28 ± 30 weeks of gestation. In our study, haematological data were only checked during the ®rst antenatal booking visit which was usually in the ®rst or the second trimester, as late booking is uncommon. Only Hb and MCV levels were checked at this ®rst antenatal check-up and assessment of iron status (serum iron, ferritin and total iron binding capacity) would only be undertaken when antenatal anaemia was suspected. Some of our subjects may have had normal Hb levels at booking but then may have developed iron depletion (iron de®ciency with or without anaemia) during late pregnancy. Blood loss at delivery might have further aggravated iron depletion and caused iron de®-ciency anaemia in some of our subjects (Lao et al, 1996) .
Our data showed that the anaemic group had greater blood loss and a higher rate of primary postpartum haemorrhage than the non-anaemic group. As the antenatal Hb level at booking did not differ signi®cantly between the two groups, these results suggest that blood loss at delivery is likely to be the major cause of postpartum anaemia. This supports the ®ndings of a previous study (Lao et al, 1996) . The effect of greater amount of blood loss and a higher rate of primary postpartum haemorrhage on the postnatal iron status of the anaemic group can also be re¯ected by the consistently lower Hb and MCV levels in the anaemic group compared to the non-anaemic group throughout the study. Moreover, our data also showed that two subjects who were anaemic at baseline were still anaemic at 3 and 6 months postpartum.
Both physiological factors and dietary factors may explain the postpartum change in the Hb and MCV levels, and the iron status in our subjects. It has been shown that physiological adaptation occurs after blood loss at delivery with an increase in iron absorption in postpartum women. Iron status of an individual is the main factor affecting iron absorption (Monsen et al, 1978) . Absorption increases as iron stores become depleted and decreases as stores increase (Herbert, 1987) . Iron absorption in women at 10 weeks postpartum was found to be double that of a non-pregnant control group (Hallberg, 1992 ). This may be one of the adapting mechanisms of postpartum women to restore iron status after delivery. Moreover, the slow rise in postpartum haematological indices (Taylor, 1981) resulting from the gradual reduction in the intrapartum blood volume (Ueland, 1976) suggests that there is a continuous regulatory mechanism for women to restore their postnatal iron status. In addition, menstruation is rare in the early postpartum period which will help restore postnatal iron status after delivery.
The effects of different dietary components on iron status or iron absorption have been studied extensively. However, few studies have speci®cally focused on postpartum women. Consumption of meat, poultry and ®sh may promote non-haem iron absorption (Engelmann et al, 1998; Hallberg, 1987) . The presence of organic acids such as ascorbic acid, citric acid, malic acid and lactic acid as well as the presence of alcohol also place an enhancing effect on non-haem iron absorption (Ballot et al, 1987; Bothwell et al, 1989; Hallberg, 1982; Rossander-Hulthen & Hallberg, 1996) . These dietary factors, which positively contribute to the iron status, are similar to those found in the traditional special dietary practices, used in the Hong Kong Chinese population. We therefore speculated that these practices might be bene®cial for postnatal recovery of iron status. A higher consumption of poultry and eggs, and a comparable amount of meat consumption in our subjects as compared with the Hong Kong general population was observed. The iron intake of the majority of our subjects reached two-third of the RDA. This re¯ects that the traditional special dietary practices provide a good source of iron. However, whether the anaemic subjects bene®t more from these dietary practices remains to be identi®ed. There was no signi®cant correlation between the rate of change in Hb level from baseline to 6 weeks postpartum and the consumption of traditional special dietary practices and other nutrient intakes, suggesting that diet may have limited effect on the postnatal recovery of iron status. Regression analysis thus suggested that the postnatal recovery of iron status appeared to be related to physiological factors rather than to dietary factors. However to exclude a role for traditional dietary practices in the recovery of postnatal iron status, further study is needed due to the limitation of relatively small sample size in this study and the fact that there was wide variation in the extent to which these traditional practices were followed by different subjects. Ideally any bene®cial effect of these practices should be studied using a randomised control design, but conducting such a trial would be dif®cult to undertake, not least because most Hong Kong Chinese women still follow these practices to some extent.
Several limitations should be considered in the present study. Although the measurement of both Hb and serum ferritin levels is useful for diagnosing iron de®ciency anaemia (Cook & Skikne, 1989) , there are some drawbacks. First, low serum ferritin concentration is a sensitive indicator of iron de®ciency only if there are no other concurrent diseases. Serum ferritin concentration may be elevated in patients with chronic diseases and in such patients, who also have iron de®ciency, serum ferritin concentration is often normal or elevated (Cook & Skikne, 1989) . Iron de®ciency anaemia may thus be under-diagnosed in these patients (Cook et al, 1992 ; Institute of Medicine (US), 1993). However, our exclusion criteria should have excluded any such patients. Second, the method of estimating blood loss at delivery in the present study was semi-quantitative. However there is no reason to suspect that there was any systematic bias in estimating blood loss in the anaemic and non-anaemic groups.
Conclusions
Although the rate of anaemia decreased rapidly postpartum, iron storage depletion were still found in some subjects at 6 weeks postpartum. Blood loss at delivery is likely to be the main cause of postpartum anaemia. Although traditional Chinese dietary practices in the postpartum period prescribe a high intake of poultry and eggs with a resultant increased iron intake, our data suggested that the postnatal recovery of iron status might be more related to physiological factors than dietary factors. However a role for these dietary factors cannot be ruled out in view of the signi®cant variation in the consumption of these food items and the relatively small sample size of this study.
